with a perfectly elastic supply. However, the This study analyzed supply functions for agsupply of land for agricultural purposes is exricultural output and demand functions for facpected to be price inelastic. Hence, the supply tors of production for Georgia. These relationof land needs to be taken into account in measships were derived with duality theory from uring the impact of output and input prices on a normalized quadratic profit function. Land the demand for all inputs including land. has been included in other duality studies as a
approach close to the one in this study. He esconvex, linearly homogeneous, monotonic in timated a cost function in which quantity was prices (increasing in output prices and decreasa fixed factor. Using the shadow-value equaing in input prices) and monotonic increasing tion for output, he estimated an inverse supand concave in quasi-fixed inputs. For purposes ply equation, and he augmented his model with of empirical application the function must be an output demand equation. In this study, land twice differentiable. is considered to be a quasi-fixed factor. A shadow-value equation representing the de-EMPIRICAL MODEL mand for land is derived and estimated as a Assuming competitive behavior, exogenous part of the theoretical model. prices of outputs, and nonland variable inputs, Consider the dual restricted profit function the dual restricted profit function is modeled 7* which is a function of exogenous competiusing the normalized quadratic form (Lau, 1976 ; tive input and output prices and quasi-fixed Lerttamrab; Shumway and Alexander): inputs: where 1* is maximum profit associated with n n f n the vector of competitive output prices P, the + cijzizj + 2 dijpi zj vector of competitive input prices W, and the i=m+ j=m+l i=2 j=m+l vector of exogenous factors Z.
where n*' is profit divided by the price of From this function, the input demand and netput 1 (p); the p's are normalized prices, p' output supply equations and the shadow-value pi/p, i = 2,. m; the z 's are other exogenous equation for the quasi-fixed factors can be devariables, i = m + 1 n; and the b's, c's, and rived using Hotelling's Lemma. The partial d's are parameters to be estimated. derivative of the dual restricted profit funcUsing Hotellings Lemma, the first-order tion with respect to the ith input price (wi) derivatives of equation (5) with respect to noryields the negative ordinary demand function: malized prices of variable inputs and outputs *2 -X i dr* / dare the input demand and output supply equa- where Ok is the shadow price of the kth quasin n fixed factor. It is further assumed that the + cijziz j . shadow price for land can be measured by land i=m+l j=m+l rental rates. Substituting land rent (rk) for the shadow price in equation (4) yields the inverse The inverse demand for the quasi-fixed facdemand equation for land. Land rent is now tor land is obtained by differentiating the profit considered endogenous to the model, and the function with respect to land (Zn) to obtain the remaining conditions necessary to define a shadow-value equation. The shadow price is valid profit function are intact. measured by the land rent (Pn') Hence, the inFor a profit function to be considered theoverse demand equation for land is: retically valid, it has to meet the necessary n m regularity conditions. To meet these condi-
.dp tions, the profit function must be continuous, feeder-livestock, seed, fertilizer and lime, and j=1 miscellaneous. Prices for those items in both where zn is acreage of farmland, gi's are paracategories were the corresponding U.S. index meters to be estimated, and h's are exogenous of prices paid by farmers obtained from Agrivariables including population, per capita incultural Statistics (USDA). come, and pulpwood prices.
The fixed factors (z's) included labor and govEquations (6) through (9) eluded to capture the effects of government land supply and demand relationships were intervention in agricultural production. Recestimated using aggregate data for Georgia ognizing the simultaneous relationship beagriculture. The time series data used in the tween current government payments and estimation were annual observations for the output, the variable used was government years 1950 through 1985. The model included payments lagged one period to reflect the two output categories (crops; livestock and expected value of government payments. Data poultry) and four input categories (land, hired on government payments were obtained from labor, machinery, and materials).
Georgia Agricultural Facts. Another exExogenous variables included expected ogenous variable used in the estimation was a product prices, current variable input prices, dummy variable for 1983 which was the year quantity of family labor, lagged governfor the implementation of the Payment-in-Kind ment payments, a dummy variable for the 1983 program. This variable was an intercept and Payment-in-Kind (PIK) program, and a time slope shifter in the profit function. Time was variable. Three-year moving average lagged also included to measure the effects of technoprices represented expected prices for livelogical change. The values of the time variable stock and poultry. The endogenous variables were 1950 = 1, 1952 = 2,..., 1985 = 36. These are quantities of outputs and inputs, variables were included among the z's in equaAggregate price indices for the input and tion (5). output variables were calculated using the A supply equation for farmland was included Tornqvist-Theil index, a discrete approximaso that acreage of farmland, as well as land tion to a Divisia index (Diewert) . The base perents, could be considered as an endogenous riod for these indices was 1977. Aggregate variable. Land available for agricultural proquantity indices were computed by dividing duction was considered to be competitive with aggregate revenue and expenditures by the commercial forestry, so pulpwood prices were aggregate price indices, included in this supply equation. Land availData on revenue, cash expenses, and prices able for agricultural production is also affected were obtained from Georgia Agricultural by state-level population and per capita inFacts (Georgia Crop Reporting Service). Pulpcome. The data for population and per capita wood prices are also obtained from this source income were obtained from U.S. Statistical Abthrough 1979, but more recent pulpwood prices stracts (U.S. Department of Commerce).
ESTIMATION PROCEDURE
tween crop price and family labor, and among Six equations were derived from the norlivestock and poultry price, hired labor wage, malized quadratic profit function. These were machinery price, time, and quantity of land. the supply equations for crops and livestock These condition indices ranged from 39 to 152, and poultry and the demand equations for land, which indicates moderate collinearity. hired labor, machinery, and materials. The
Parameter estimates for the demand and price of materials was used to normalize all supply equations are reported in Table 1 . More the other prices. The complete system of six than half of the 55 parameter estimates of the stacked supply and demand equations and the system of equations were statistically signifisupply equation for farmland were estimated cant\at the 0.10 level. The weighted R 2 for the using iterative three-stage least squares in the system was 0.96, indicating a good fit ConsisStatistical Analysis System (SAS) package. tent with economic theory, the respective ownThe profit function is not included in the sysprice coefficients were negative for the detem of estimating equations since all of its mand for hired labor and machinery and posiparameters are identified in the system. tive for the supply of livestock and poultry, Linear homogeneity was imposed on the crops, and land. quadratic profit function by normalization.
The coefficient on lagged farmland in the Conditions for symmetry are imposed on the supply equation for farmland was 0.799, indimodels with the constraints d.. = d.. for every cating an annual adjustment rate of 0.201 or i j. As a result of the resrictins across 20.1 percent. This result is similar to previous equations, the degrees of freedom are based work based on dynamic duality theory. Taylor on the number of observations multiplied by and Monson indicated that the annual rate of the number of equations in the duality sysadjustment for farmland in the Southeast is tem. Errors were assumed to be independent, 18 percent toward the equilibrium value. normally distributed with mean zero and variOthers including Vasavada and Chambers and ance .I.
Alexander also found that farmland could be For convexity of the profit function to hold, characterized as a quasi-fixed factor, indicatthe Hessian implied by the estimated d.. maing that this factor needs to be handled differtrix must be positive semi-definite. Moonently from most other factors. icity is checked by calculating the predicted The coefficient of the population and pulpvalues of the supply and demand equations. If wood price indicated a negat lative relationship at every observation the supply is positive and with the supply of land, although not statistithe demand is negative, then the necessary cally significant at the 0.10 level. Similarly, monotonicity conditions are met. Multicollindisposable per capita income is negatively reearity is detected through the use of condition lated to the supply of agricultural land. indices. A condition index greater than 30 sugOwn-and cross-price elasticities of supply gests the presence of moderate to strong collinand demand equations are reported in Table earity. In the final estimation model, the inter-2. Except for land, all the own-price demand action term between quantity of land and the elasticities are negative and inelastic. The dedummy variable was excluded because of semand elasticity for land is, however, not stavere collinearity problems. tistically significant. The own-price elasticity of land in the supply equation was 0.0749 (not shown in the table). Hence, quantity supplied
RESULTS~~R ESUL~~TS
of land is not very responsive to land rents. From the normalized profit function, demand Own-price elasticities reported in this study and supply equations were estimated simultaare of similar magnitudes to those of previous neously with the supply equation for land. studies. The current estimates of demand elasAll of the eigenvalues computed from the ticities were generally more elastic than preHessian for prices were positive, indicating a vious estimates (Taylor and Monson; Shumway positive definite matrix. Hence, convexity held and Alexander). The own-price elasticity for for this study. Given the quadratic form, this crop production was 0.50 in this study comcurvature property is global in nature. Monopared to 0.12-0.23 for commodity grouping in tonicity was not violated at any observation Shumway and Alexander. The own-price elaspoint of the demand and supply equations. ticity for livestock and poultry was 0.27 in this Tests for serial correlation indicated no statisstudy and 0.15 in Shumway and Alexander. tically significant problem in this regard. MultiThe cross-price elasticities of crop produccollinearity was measured using condition intion with respect to livestock and poultry dices. Results indicated that it is present beprices and livestock and poultry production 16 Weighted R 2 for system = 0.96
Mean values for 1950-1985 as used in the regression analysis are as follows: Quantity indexes are livestock and poultry-913.7, crops-835.2, hired labor--72.0, machinery-584.3, materials-909.9, and land--8.5. Price indexes are livestock and poultry-0.8, crops-0.8, hired labor-0.7, machinery-0.7, materials-0.7, and land-0.7. Government payments are 39.5. Family labor is 162.8.
t-values are in parentheses.
*Significant at 0.10 level.
alnverse demand function.
bLagged one year.
with respect to crop prices showed a compleoutputs, crops showed a larger technical shift mentary relationship. The small magnitude of than livestock and poultry. the cross-price elasticities between input
The regression results further indicate that prices and output indicates that the outputs an increase in the quantity of family labor are not very responsive to input price changes.
would increase the quantity demanded of hired Land, however, is responsive to changes in labor. Hence, family labor and hired labor are livestock and poultry prices. The input demand complements rather than substitutes. The comelasticities imply that hired labor substituted mon assumption of substitutability may not for machinery and materials. Land complehold because family and hired labor perform mented materials and substituted for hired different activities within the farm. Adminislabor and machinery. Moreover, substitutrative and managerial activities are an imtability was found between materials and portant component of family labor, while hired machinery. The main differences between labor is mostly oriented to simpler, manual these results and previous estimates relate to work (Lopez) . the relationships between land and other in-
The dummy variable for the 1983 Paymentputs. The higher cross-price elasticities in this in-Kind (PIK) program showed the expected study compared to Taylor and Monson, for negative sign in the crops equation. The PIK example, can be attributed to the unique forprogram is an acreage-diversion program mulation of land's supply and demand in this aimed at reducing both the production and study.
stocks of commodities, particularly grains. For the normalized profit function, nonjointGovernment payments (lagged) significantly ness in production exists if all mixed partial reduced the demand for hired labor, increased derivatives between output prices are zero the demand for machinery, and increased the (Lau, 1972, and Shumway) . Nonjointness was supply of livestock and poultry. tested using the simple t-test. If the crossprice coefficient of a commodity is significant, CONCLUSIONS then there is jointness. Results indicated that This study analyzed agricultural production there is jointness in production. Jointness is in Georgia using a normalized restricted profit probably due to allocatable fixed inputs such function augmented with a supply curve for as land.
land. Georgia agriculture was found to be charTechnological change was found to be maacterized by machinery-using and labor-using chinery using and labor using. The demand technical change. Own-price elasticities of the for machinery exhibited the largest technical supply and demand functions were found to increase among the inputs. Technical change be inelastic. The cross-price elasticities for outis labor using although at a low significance puts indicated a complementary relationship level. The supply of crops and livestock and between crops and livestock and poultry. poultry increased over time. Between the two Among the inputs, substitutability was found 18 between the following input pairs: land and reduction in the price of machinery reduces hired labor, land and machinery, materials and the demand for land and hence land rents. machinery, machinery and hired labor, and Urban influences were shown to reduce the hired labor and materials. Land complemented supply of land and hence increase land rents. materials.
Considering the importance of land rents, it Estimating separate demand and supply seems appropriate to model both supply and equation for land allowed the estimation of demand relationships. However, it is recogdemand and supply elasticities for land. If the nized that other factors of production may also supply equation for land had not been estineed to be analyzed in a similar fashion. mated, the price elasticity in the demand equaIn some cases an argument could be made that tion would have included a conglomerate of farmers compete for scarce labor within demand and supply effects. Such an ambiguthe state so that labor may also have an upity would not reveal the true relationship beward sloping supply curve. An area for tween land rents and quantity of land. Using further research would be to apply the conboth a supply and demand equation helps excepts developed in this paper to other factors plain the factors which affect land rents. A of production.
